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Wednesday, February 19, 2014 673acorrelated but disassembly occurs more readily. This indicates monomers
form faster than the quaternary structures. Characteristics of monomer-
monomer interfaces were observed between 1YEP chain A and chain B and
BCP1 (3DRN) while the characteristic of dimer-dimer interface was seen
between 1YEP chain B and chain C.
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Though it has become clear that small and fast folding proteins have funnel
shaped energy landscape, we have not know explicitly what and when happens
in folding process. The knowledge of precise picture in each transition in the
folding process of multi state proteins should provide the hints to elucidate
the detailed folding processes.
However, many hypotheses that try to explain the mechanisms of multi-state
folding have been proposed (such as hypotheses regarding the packing of
side chains after searching the protein’s topology, those regarding a number
of subdomains that form a distinct barrier, those regarding discrete two-
dimensional and three-dimensional structure formation, and others) and we
have not yet gained a precise understanding.
To understand the mechanisms of multi-state folding, thermodynamic contribu-
tions of each component of the system, such as a main-chain, a side-chain and
water, should be specified. It can be accomplished by comparing the simulation
results of some models which has different resolution such as Ca-Go model,
full-atom Go model and all-atom with explicit water.
In the precedent study, as a first step, we showed that the difference in the shape
of the free energy profiles could be interpreted by the number of the regions that
folds cooperatively and degree of coupling of the regions by means of modified
Ca-Go model.
In this study, we apply the same method with previous work to other proteins
which are suggested to fold into the native structures through multiple transi-
tions and affirm the number of the barrier and stability of the intermediate
states. We also investigate that the characteristics of the regions to contribute
to barrier constructions.
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Native structure based models (SBMs, ‘‘Go-models’’) are based on energy
landscape theory and the principle of minimal frustration [1,2]. Using this
framework strongly reduces computational demands and allows us to investi-
gate the influence of the contact-energy weight onto the folding process
for many different protein families. A large set (approx. 200) of non-
homologous monomeric proteins sized from 50-150 amino acids are simulated
on a coarse-grained level, representing each amino acid by a single bead. A
fully automatized workflow implemented with the help of eSBMTools [3]
allows to quantify typical folding properties like phi-values, folding free energy
landscapes and transition state ensembles (TSEs) for the simulated proteins.
Conventional SBMs use sequence independent homogeneous energy weights
for the native contact energy. We compare these ‘‘vanilla’’ models with
sequence dependent heterogeneous ‘‘flavored’’ energy weights as introduced
by Miyazawa and Jernigan [4]. Subsequently, the dynamics of forming
TSEs are compared by the sequential formation of tertiary interfaces between
secondary structure elements in vanilla and flavored simulations. We find that,
despite the energetic dissimilarity, the sequential ordering is similar between
both types of simulations and appears as a robust property. This suggests
that protein folding dynamics are strongly influenced by the native protein
topology.
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The relation between the sequence of a protein and its tridimensional structure
remains largely unknown. To better understand how single residues impact on
the local protein structure, we studied peptides of sequence EGAAXAASS (X =
Gly, Ile, Tyr, Trp) through comparison of molecular dynamics (MD) trajec-
tories and NMR residual dipolar coupling (RDC) measurements. The RDC
patterns of the peptide with X = Gly or Ile are rather flat, suggesting extended,
unfolded peptides, while the contrasted patterns for peptides with X = Tyr or
Trp suggest compact folded structures. The comparison shows that the forma-
tion of internal hydrogen bonds underlying helical-turns is key to reproduce
experimental RDC values for the peptides containing aromatic residues. The
simulations further reveal that the driving force leading to such helical-turn
conformation arises from the lack of hydration of the peptide chain on either
side of the bulky aromatic side chain, which can potentially act as a nucleation
point initiating the folding process. These results provide a starting point to
understand the amino acid code underlying the mechanism of protein folding.
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Hepcidin plays a role in the regulation of iron homeostasis through its interac-
tion with an iron transpoter protein, ferroportin, in the liver. Hepcidin consists
of 25 amino acid residues and four intra-molecular disulfide bonds, which are
absolutely required for its biological activity, not only for iron homeostasis, but
also for anti-microbial activity. To investigate structure-function relationships,
hepcidin was chemically synthesized. However, it is well known that the syn-
thetic yield of hepcidin is quite low under the typical folding conditions. To
overcome this issue and regulate the disulfide-coupled folding of hepcidin,
we studied the conformation of reduced/denatured hepcidin by means of CD
spectroscopy under a variety of conditions. In addition, recombinant pro-
hepcidin was also prepared using E. coli expression system and its conforma-
tion investigated, since the disulfide-coupled folding of hepcidine proceeds via
a precursor in vivo. The major problem of the disulfide-coupled folding of hep-
cidin is that it undergoes aggregation during its folding reaction. To solve this
problem, several types of redox reagents and solvents were examined to
improve the folding efficiency of hepcidin. However, all of the reagents
resulted in quite low yields for the disulfide-coupled folding of hepcidin. There-
fore, we estimated the pH of the folding solution used to regulate disulfide-
coupled folding of hepcidin since the folding velocity and conformation of
disulfide-containing peptide is significantly affected by the pH of the solution.
Our experimental results show that reduced/denatured hepcidin is not stable
around neutral pH’s, although the native hepcidin is quite soluble in aqueous
buffers at a neutral pH. Alkaline conditions were also not effective for the
folding reaction. Therefore, we studied the conformation of hepcidin and pro-
hepcidin under acidic conditions. The results will be discussed in this paper.
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The proper folding of many proteins can only be achieved by the interaction
with molecular chaperones. The molecular chaperone UNC-45 is required
for the folding of striated muscle myosin II, however, the precise mechanism
by which it contributes to proper folding remains unclear. UNC-45 contains
three domains: an N-terminal TPR domain known to bind to Hsp90, a central
domain of unknown function, and a C-terminal UCS domain known to interact
with the myosin head. Here we used fluorescence titrations methods, dynamic
light scattering, and single-molecule atomic force microscopy (AFM) unfold-
ing/refolding techniques to study the interactions of the UCS and central
domains with the myosin motor domain. To study the effects of UNC-45,
UCS and central domain binding to the myosin motor domain we used environ-
mentally sensitive fluorescence as a reporter for the UNC-45 domain-myosin
interaction. We found that the UCS domain and the central domain bind to
distinct sites on the myosin motor domain. In order to test which UNC-45
domain has a chaperone activity we used two different methods: i) prevention
of misfolding using single-molecule AFM, and ii) prevention of aggregation
using dynamic light scattering manner. Using the first method we found that
the UCS domain is sufficient to prevent misfolding of a titin mechanical
674a Wednesday, February 19, 2014reporter. Using the second methods we found out that the UCS domain but not
the central domain prevents the thermal aggregation of the myosin motor
domain. We conclude that while both the UCS domain and the central domain
bind the myosin head, only the UCS domain displays chaperone activity.
Funded by a grant from the American Heart Association (AHA
13GRNT17290006).
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Poly-(R)-3-hydroxybutyrate (PHB), a linear polymer of R-3-hydroxybutyrate
(R-3HB), is a universal constituent of biological cells. Short-polymers of
PHB (<15 residues) are covalently attached to certain prokaryotic and eukary-
otic proteins (PHBylation) - primarily proteins of membranes and organelles.
PHB is an amphiphilic, water-insoluble, lipid-soluble molecule that may
form hydrophobic, hydrogen and coordinate bonds. The PHB backbone is
highly flexible at physiological temperatures but becomes increasingly more
rigid as temperatures are lowered. These physical properties indicate that
PHBylation plays important roles in the targeting, folding, structure and func-
tion of PHB-modified proteins, and also promotes interactions between proteins
and polyanions such as RNA, DNA and inorganic polyphosphate (polyP).
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Green fluorescent protein (GFP) variants with one extra strand 10 (s10) can fold
with either one or the other s10, and the composition of the two bound forms
can be unambiguously distinguished by their resulting colors (Do & Boxer,
2013 JACS). The composition can be systematically modulated by mutating
the residues on s10 or by changing the lengths of the two inserted linker
sequences that connect each s10 to the rest of the protein. We have applied ther-
modynamic analysis on the composition to obtain insight into folding of the
variants, and discovered robust empirical rules that accurately predict the prod-
uct ratios of a given construct. Ratiometric protease sensors were designed
from the construct by recombinantly adding a protease cleavage sequence
into one of the inserted loops, where the bound s10 is replaced by the other
upon protease cleavage and irradiation with light, which is based on a photodis-
sociation phenomenon previously reported (Do & Boxer, 2011 JACS). Since
the conversion between the two bound forms involves a large spectral shift,
the sensor can display a very high dynamic range. The variants can serve as
a platform to provide useful insight into protein folding in general, and further
engineering of this class of proteins will enable their application as light-
dependent modulators.Enzyme Function and Regulation
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Protein-ligand interactions play an important role in understanding biophysical
processes including the glycolytic pathway. Calculation of the energy profile of
ligand unbinding is essential for understanding possible substrate channeling of
nicotinamide adenine dinucleotide (NAD) between lactate dehydrogenase
(LDH) and glyceraldehyde-3-phosphate dehydrogenase (GAPDH). Herein,
steered molecular dynamics (SMD) simulations elucidate the process of
NAD unbinding from LDH and GAPDH. Brownian dynamics (BD) simulate,
using the energy reaction criterion, NAD diffusion towards the binding site
of GAPDH or LDH to identify potential residues where strong protein-ligand
coulombic interactions exist. These residues are used to design several dissoci-
ation pathways for the SMD simulations. Simulations either apply a harmonic
guiding potential or a constant force SMD to perform center of mass (COM)
pulling of the NAD. The two ligands in the tetrameric GAPDH protein are suc-
cessfully released from the binding pocket using a force constant kR 5000 kJ/
mol/nm2 or a constant force FR 600 pN, within the first 4.2 ns of simulation
time. A constant force of 600 pN is enough to pull out three of the four ligands
from their corresponding LDH binding sites within the first 0.5 to 1.2 ns of
simulation time. Upon releasing the ligand from the binding site, NAD confor-
mational changes are traced, starting with a stretched, open conformation in thebinding site and ending with a bent structure in solution. The bent structure is
consistent with previous experimental and simulation data of NAD free in
solution. The unbinding free energies associated with the NAD release along
the proposed pathways are calculated using the Jarzynski equality, in the
stiff-spring approximation of pulling.
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Enzymes are powerful enantio-, chemo-, and regioselective catalysts. They are
highly efficient, operate under mild conditions, and are environmentally benign.
These attributes make them great synthetic tools for chemical manufacturers.
Ketoreductases (KREDs) asymmetrically reduce ketones to alcohols and are
the most commonly used enzymes in industrial drug synthesis. Various mutants
of L. Kefir KRED have been generated to enantioselectively reduce the sub-
strates dihydrothiophen-3(2H)-one and dihydrofuran-3(2H)-one, and the alco-
hols produced can be incorporated into pharmaceuticals such as sulopenem
and fosamprenavir. These substrates vary by only one atom, sulfur versus oxy-
gen, and yet in general the KREDmutants reduce them to different enantioselec-
tivities. In many cases mutants that produce good to excellent enantiomeric
excess (ee) for one substrate have no enantioselectivity for the other. Other
mutants give opposite enantioselectivities for the two substrates. In this work,
the physical origins of this subtle and perplexing example of specificity are
determined using several quantum mechanical and force field based computa-
tions. Thesemethods reveal that small changes in the size, shape, and hydropho-
bicity of the active site resulting from mutations in as few as 1 residue can
significantly effect enantioselectivity. Furthermore, the ability of various
enzyme design methods to predict selectivity is evaluated through comparison
to experimentally determined selectivities. This work will enable further devel-
opment of KRED mutants for industrial drug synthesis and aid enzyme design
efforts.
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The ubiquity of hemoglobins as a superfamily to life has enthused the field with
renewed vigor. Reactions like oxygen binding and nitric oxide (NO) dioxyge-
nation appear to be characteristic to the hemoglobin superfamily, as revealed
from investigation of recombinant globins, irrespective of whether they are
associated to any particular function like oxygen transport/storage, sensing,
electron transport, protection against hypoxia and other possibilities. NO diox-
ygenase reaction, common in vitro, however, was limited by lack of report of
specific enzymes that can convert ferric hemoglobin, formed during reaction of
oxy hemoglobin with NO, into ferrous hemoglobin - the species that reacts with
NO. Absence of a known cognate reductase would prevent reduction of ferric
species of hemoglobin to ferrous form and the oxidation-reduction cycle would
be incomplete for NO related function to be fruitful. Assignment of NO diox-
ygenase activity as a physiological function requires the design of experiments
that address reduction mechanisms. We used Chlamydomonas reinhardtii as
model system since we have identified 12 globins and 3 putative genes that
can potentially function as reductase of ferric hemoglobin. Organism database
annotated these reductases as dihydrolipoamide dehydrogenase, cytochrome
b5reductase and monodehydroascorbate reductase. So far, we have charac-
terized 3 hemoglobins and 3 putative cognate reductases using biochemical and
biophysical methods. Spectroscopic studies reveal that Chlamydomonas con-
tains both pentacoordinate and hexacoordinate hemoglobins. The enzymes
were found to contain flavin domain and could reduce ferric Chlamydomonas
hemoglobins in vitro to their functional ferrous state. The interactions between
hemoglobins and these reductases might support NO scavenging/detoxification
function of globins with potential implications in biotechnology.
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The eukaryotic enzyme isoprenylcysteine carboxylmethyltransferase (ICMT)
catalyzes the attachment of a methyl group onto the carboxylate of a lipid-
modified cysteine at the C-terminus of its protein substrates. This is the final
